Effectiveness of miltefosine treatment in targeting anti-leishmanial HO-1/Nrf-2-mediated oxidative responses in visceral leishmaniasis patients.
Miltefosine, an alkylphosphocholine anti-cancer drug, exhibits direct activity against Leishmania donovani and also promotes anti-leishmanial host immunomodulatory functions. Nuclear factor-erythroid 2-related factor 2 (Nrf-2), a redox-sensitive transcription factor, regulates the host stress responses leading to effective microbial clearance by a positive effect on haem oxygenase-1 (HO-1) enzyme expression/activity. We aimed to investigate the role of miltefosine in regulating HO-1/Nrf-2-mediated oxidative responses in visceral leishmaniasis (VL) patients in vivo and in vitro. Splenic aspirate and bone marrow aspirate cells of VL patients (n = 23) were used in the study. RT-PCR of HO-1, Nrf-2 translocation analysis and HO-1 ELISA were used to investigate the HO-1/Nrf-2-mediated modulation of oxidative responses by miltefosine in vivo. Fluorometric measurement of reactive oxygen species (ROS) was performed, determination of glutathione peroxidase (GPx) activity was performed, and bilirubin and superoxide dismutase (SOD) levels were determined. The in vitro HO-1/Nrf-2-dependent anti-leishmanial effect of miltefosine was assessed by the use of specific inhibitors/inducers and subsequent microscopic measurement of parasite killing and Th1/Th2 cytokine regulation by ELISA. Increased levels of transcript and serum HO-1, Nrf-2 nuclear translocation, serum bilirubin, GPx and SOD activity in untreated VL patients were reversed after miltefosine chemotherapy. The effectiveness of miltefosine for positive induction of ROS via NADPH correlated with a decrease in HO-1/ERK/Nrf-2-dependent parasite load. Furthermore, HO-1 blockade by miltefosine led to suppression of interleukin-10 and transforming growth factor-β, but enhanced interleukin-12 and tumour necrosis factor-α production, in VL patients. The antioxidant promoting property of L. donovani is crucial for protection against the mounting redox threat in the host. Therefore, these findings provide direct evidence for targeting HO-1/Nrf-2 as an anti-leishmanial approach for chemotherapy in human VL.